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ABSTRACT

1 ‘}QJ }

This Climate Change Science Program Synthesis and Assessment Product addresses current
capabilities to integrate observations of the climate system into a consistent description of past
and current conditions through the method of reanalysis. In addition, the Product assesses present

capabilities to attribute causes for climate variations and trends over North America during the
reanalysis period, which extends from the mid-twentieth century to the present.

This Product reviews the strengths and limitations of current atmospheric reanalysis products.

It finds that reanalysis data play a crucial role in helping to identify, describe, and understand
atmospheric features associated with weather and climate variability, including high-impact events
such as major droughts and floods. Reanalysis data play an important role in assessing the ability of
climate models to simulate the average climate and its variations. The data also help in identifying
deficiencies in representations of physical processes that produce climate model errors.

The Product emphasizes that significant improvements are possible that would substantially
increase the value of reanalyses for climate research, applications, and decision support. Advances
are likely through developing new methods to address changes in observing systems over time,
improving the historical observational database, and developing integrated Earth system models
and analysis systems that include key climate elements for decision support that were not
contained in initial atmospheric reanalyses, such as a carbon cycle, aerosols and other important
atmospheric constituents.

The Product also assesses current understanding of the causes of observed North American
climate variability and trends from 1951 to 2006. This assessment is based on results from
research studies, climate model simulations, and reanalysis and observational data. For annual,
area-average surface temperatures over North America, more than half of the observed surface
warming since 1951 is likely due to anthropogenic forcing associated with greenhouse gas forcing.
However, warming due to anthropogenic greenhouse gas emissions alone is unlikely to be the main
cause for regional and seasonal differences of surface temperature changes, such as the absence

of a summertime warming trend over the Great Plains of the United States and the absence of a
warming trend in both winter and summer over portions of the southern United States.

The regional and seasonal variations in temperature trends are related to the principal atmospheric
wind patterns that affect North American climate, which are well represented in climate
reanalyses. It is likely that variations in regional sea surface temperatures have played an important
role in forcing these atmospheric wind patterns, although there is evidence that some wind
changes are also due to anthropogenic forcing.

In contrast to temperature, there is no discernible trend during this period in annual average
North American precipitation, although there is substantial interannual-to-decadal variability.
Part of the observed variability in precipitation appears to be related to regional variations of sea
surface temperatures during this period.




The US. Climate Change Science Program Preface

RECOMMENDED CITATIONS

Entire Report:

CCSP, 2008: Reanalysis of Historical Climate Data for Key Atmospheric Features: Implications for Attribution of Causes
of Observed Change. A Report by the U.S. Climate Change Science Program and the Subcommittee on Global Change
Research [Randall Dole, Martin Hoerling, and Siegfried Schubert (eds.)]. National Oceanic and Atmospheric Administra-
tion, National Climatic Data Center, Asheville, NC, 156 pp.

Preface:

Dole, R., 2008: Preface. In: Reanalysis of Historical Climate Data for Key Atmospheric Features: Implications for Attri-
bution of Causes of Observed Change. A Report by the U.S. Climate Change Science Program and the Subcommittee on
Global Change Research [Randall Dole, Martin Hoerling, and Siegfried Schubert (eds.)]. National Oceanic and Atmospheric
Administration, National Climatic Data Center, Asheville, NC, pp. XI-XIV

Executive Summary:

Dole, R., M. Hoerling, and S. Schubert, 2008: Executive summary. In: Reanalysis of Historical Climate Data for Key
Atmospheric Features: Implications for Attribution of Causes of Observed Change. A Report by the U.S. Climate Change
Science Program and the Subcommittee on Global Change Research [Randall Dole, Martin Hoerling, and Siegfried Schu-
bert (eds.)]. National Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville, NC, pp. 1-4

Chapter I:

Dole, R. and M. Hoerling, 2008: Introduction. In: Reanalysis of Historical Climate Data for Key Atmospheric Features:
Implications for Attribution of Causes of Observed Change. A Report by the U.S. Climate Change Science Program and
the Subcommittee on Global Change Research [Randall Dole, Martin Hoerling, and Siegfried Schubert (eds.)]. National
Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville, NC, pp. 5-10

Chapter 2:

Schubert, S., P. Arkin, J. Carton, E. Kalnay, and R. Koster, 2008: Reanalysis of historical climate data for key atmospheric
features. In: Reanalysis of Historical Climate Data for Key Atmospheric Features: Implications for Attribution of Causes
of Observed Change. A Report by the U.S. Climate Change Science Program and the Subcommittee on Global Change
Research [Randall Dole, Martin Hoerling, and Siegfried Schubert (eds.)]. National Oceanic and Atmospheric Administra-
tion, National Climatic Data Center, Asheville, NC, pp. 11-46

Chapter 3:

Hoerling, M., G. Hegerl, D. Karoly, A. Kumar, and D. Rind, 2008: Attribution of the causes of climate variations and trends
over North America during the modern reanalysis period. In: Reanalysis of Historical Climate Data for Key Atmospheric
Features: Implications for Attribution of Causes of Observed Change. A Report by the U.S. Climate Change Science Pro-
gram and the Subcommittee on Global Change Research [Randall Dole, Martin Hoerling, and Siegfried Schubert (eds.)].
National Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville, NC, pp. 47-92

Chapter 4:

Dole, R., M. Hoerling, and S. Schubert, 2008: Recommendations. In: Reanalysis of Historical Climate Data for Key At-
mospheric Features: Implications for Attribution of Causes of Observed Change. A Report by the U.S. Climate Change
Science Program and the Subcommittee on Global Change Research [Randall Dole, Martin Hoerling, and Siegfried Schubert
(eds.)]. National Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville, NC, pp. 93—-104

Vil



Reanalysis of Historical Climate Data for Key Atmospheric Features:
Implications for Attribution of Causes of Observed Change

Appendix A:

Carton, J. and E. Kalnay, 2008: Appendix A: Data assimilation. In: Reanalysis of Historical Climate Data for Key Atmo-
spheric Features: Implications for Attribution of Causes of Observed Change. A Report by the U.S. Climate Change Sci-
ence Program and the Subcommittee on Global Change Research [Randall Dole, Martin Hoerling, and Siegfried Schubert
(eds.)]. National Oceanic and Atmospheric Administration, National Climatic Data Center, Asheville, NC, pp. 105-106

Appendix B:

Hoerling, M., G. Hegerl, D. Karoly, A. Kumar, and D. Rind, 2008: Appendix B: Data and methods used for attribution. In:
Reanalysis of Historical Climate Data for Key Atmospheric Features: Implications for Attribution of Causes of Observed
Change. A Report by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research [Ran-
dall Dole, Martin Hoerling, and Siegfried Schubert (eds.)]. National Oceanic and Atmospheric Administration, National
Climatic Data Center, Asheville, NC, pp. 107-114

IX



The US. Climate Change Science Program Preface



PREFACE

Reanalysis of Historical Climate Data for Key Atmospheric Features:
Implications for Attribution of Causes of Observed Change

Report Motivation and Guidance for Using

this Synthesis/Assessment Product
Convening Lead Author: Randall Dole, NOAA/ESRL

A primary objective of the U.S. Climate Change
Science Program (CCSP) is to provide the best
possible scientific information to support public
discussion, and government and private sector
decision making on key climate-related issues.
To help meet this objective, the CCSP has iden-
tified 21 Synthesis and Assessment Products
(SAPs) that address its highest priority research,
observational, and decision-support needs.
This Product, CCSP SAP 1.3, is one of three
products developed to address the first goal of
the CCSP Strategic Plan: Improve knowledge
of the Earth’s past and present climate and en-
vironment, including its natural variability, and
improve understanding of the causes of observed
variability and change. This Product assesses
present capabilities to describe key features of
climate from the mid-twentieth century to the
present through the scientific method of re-
analysis. It also assesses current understanding
of the causes of observed climate variability and
changes over the North American region during
this same period.

P.| OVERVIEW OF PRODUCT

New climate observations are most informative
when they can be put in the context of what has
occurred in the past. Are current conditions
unusual or have they been observed frequently
before? Are the current conditions part of a
long-term trend or a manifestation of climate
variability that may be expected to reverse over
months, seasons, or years? Are similar or related
changes occurring in other parts of the globe?
What are the processes and mechanisms that
can explain current conditions, and how are they
similar to, or different from, what has occurred
in the past?

The scientific methods of climate reanalysis
and attribution are central to addressing such

questions. In brief, reanalysis is a method for
constructing a high-quality record of past cli-
mate conditions. Attribution is the process of
establishing the most likely cause (or causes) for
an observed climate variation or change.

An important goal of the reanalysis efforts
assessed in this Product is to provide com-
prehensive, consistent, and reliable long-term
datasets of temperatures, precipitation, winds,
and numerous other variables that characterize
the state of the climate system. Because these
datasets provide continuous time records, typi-
cally at six-hour intervals over several decades,
they play an important role in documenting how
weather and climate conditions are changing
over time. The comprehensive nature of climate
reanalyses also makes such datasets of great
value in helping scientists to better understand
the often complex relationships among variables,
for example, how changes in temperatures may
be connected to changes in winds, and how these
in turn may be related to changes in cloudiness
and precipitation.

Reanalysis datasets provide a foundation for a
broad range of weather and climate research.
As one measure of their extraordinary research
impact, an overview paper describing one of
the initial reanalyses produced in the United
States is now the most widely cited paper in the
geophysical sciences. Beyond their research ap-
plications, products derived from reanalysis data
are used in an increasing range of commercial
and business applications in sectors such as
energy, agriculture, water resources, and insur-
ance. Some commonly used products include
maps showing monthly and seasonal averages,
variability and trends in temperatures, winds,
precipitation and storminess.

Xl
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Increasingly, climate scientists are also being asked to go
beyond descriptions of what are the current climate condi-
tions and how they compare with the past to also explain why
climate is evolving as observed; that is, to provide attribution
for the causes of observed climate variations and change.
The capability to attribute causes for past and current cli-
mate conditions is an important factor in developing public
confidence in scientific understanding of mechanisms that
produce climate variability and change. Attribution also
provides a scientific underpinning for predicting future
climate as well as information useful for evaluating needs
and options for adaptation and/or mitigation.

This Product addresses the strengths and limitations of cur-
rent reanalysis products in documenting, integrating, and
advancing knowledge of the climate system. It also assesses
present scientific capabilities to attribute causes for weather
and climate variations and trends over North America dur-
ing the reanalysis period (from the mid-twentieth century
to the present), including the uses, limitations, and oppor-
tunities for improvement of reanalysis data applied for this
purpose.

The Product is intended to be of value to the following us-

ers:

» policymakers in assessing current scientific capabilities
to attribute causes of climate variations and change over
the North American region;

« scientists and other users of reanalysis data through
the assessment of strengths and limitations of current
reanalyses; and

*  science program managers in developing priorities for
future observing, modeling, and analysis systems re-
quired to advance national and international capabilities
in climate reanalysis and attribution.

Following guidance provided by the Climate Change Science
Program, this Product is written primarily for the informed
lay reader. For subject matter experts, more detailed discus-
sions are available through the original references cited
herein. Because some terms will be new to non-specialists,
a glossary and a list of acronyms and abbreviations are
included at the end of this Product.

P.2 PRIMARY FOCUS OF THE PRODUCT

Chapter 1 provides a brief, non-technical discussion of the
fundamental concepts of reanalysis and attribution. Two is-
sues of broad interest follow, within which specific questions
are addressed: (1) the reanalysis of historical climate data
for key atmospheric features, in particular, for past climate
variations and trends over the reanalysis period from the
mid-twentieth century to the present, and (2) attribution
of the causes of climate variations and trends over North

Preface

America during the same period. These topics are described
in more detail below.

P.2.1 Reanalysis of Historical Climate

Data for Key Atmospheric Features

The availability and usefulness of reanalysis data have led to
many important scientific advances as well as a broad range
of new applications. However, limitations of past and current
observations, models, and reanalysis methods have each
contributed to uncertainties in describing climate system
behavior. Chapter 2 focuses on the strengths and limitations
of current reanalysis data for identifying and describing past
climate variations and trends.

The first global atmospheric reanalyses were developed a
little over a decade ago by NASA, NOAA (together with
the National Center for Atmospheric Research [NCARY]),
and the European Centre for Medium Range Weather
Forecasts. These initial reanalyses were constructed by
combining observations from diverse data sources within
sophisticated models used for weather predictions through
a process called data assimilation. Because of the origins
in the use of weather models, the initial reanalyses and the
majority of those conducted since that time have focused
on reconstructing past atmospheric conditions. The lon-
gest reanalysis, conducted by NOAA and NCAR, extends
back to 1948. Because of their maturity and extensive use,
atmospheric reanalyses constitute the primary focus of this
Product. However, efforts are now underway to create re-
analyses for other components of the Earth’s climate system,
such as the ocean and land surface; emerging capabilities in
these areas will also be briefly discussed.

The key questions addressed in Chapter 2 are:

*  What is a climate reanalysis? What role does reanaly-
sis play within a comprehensive climate observing
system?

*  What can reanalysis tell us about climate processes and
their representation in models used for climate predic-
tions and climate change projections?

*  What is the capacity of current reanalyses to help iden-
tify and understand major seasonal-to-decadal climate
variations, including changes in the frequency and
intensity of climate extremes such as droughts?

* To what extent is there agreement or disagreement
between climate trends in surface temperature and
precipitation derived from reanalyses and those derived
from independent data; that is, from data that are not
included in constructing the reanalysis?

*  What steps would be most useful in reducing false jumps
and trends in climate time series (those that may be due
to changes in observing systems or other non-physical
causes) and other uncertainties in past climate condi-
tions? Specifically, what contributions could be made
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through advances in data recovery or quality control,
modeling, and/or data assimilation techniques?

The assessment of capabilities and limitations of current
reanalysis datasets for various purposes will be of value
for determining best uses of current reanalysis products for
scientific and practical purposes. This Chapter will also be
useful for science program managers in developing priori-
ties for improving the scientific and practical value of future
climate reanalyses.

P.2.2 Attribution of the Causes of Climate
Variations and Trends over North America
Chapter 3 discusses current understandings of the causes
of climate variations and trends over North America from
the mid-twentieth century to the present, the time period
encompassed by current atmospheric reanalysis products.
It also addresses strengths and limitations of reanalysis
products in supporting research to attribute the causes of
climate variations and trends over North America during
this time period. The key questions are:

*  What is climate attribution? What are the scientific
methods used for establishing attribution?

*  What is the present understanding
of the causes for North American
climate trends in annual tempera-
ture and precipitation during the
reanalysis record?

*  What is the present understanding
of causes for seasonal and regional

IPCC AR4.

Virtually Certain

Implications for Attribution of Causes of Observed Change

Finally, Chapter 4 discusses steps needed to improve na-
tional capabilities in reanalysis and attribution to better
address key questions in climate science and to increase
the value of future reanalysis and attribution products for
applications and decision making. This Chapter will be of
value to scientists and research program managers who are
engaged in efforts to advance national and international
capabilities in climate reanalysis and attribution.

P.3 TREATMENT OF UNCERTAINTY

Terms used in this Product to indicate the assessed likeli-
hood of an outcome are consistent with those used in the
Intergovernmental Panel on Climate Change (IPCC) Fourth
Assessment Report (Climate Change 2007: The Physical
Science Basis) and summarized in Table P.1.

Terms denoting levels of confidence in findings are also
consistent with the IPCC Fourth Assessment Report usage,
as specified in Table P.2.

Table P.I Terminology regarding likelihood of outcome according to

Likelihood
Terminology

Likelihood of occurrence/outcome

more than 99 percent probability

variations in U.S. temperature and

Extremely Likely

more than 95 percent probability

precipitation trends over the re- Very Likely

more than 90 percent probability

analysis record?

* What are the nature and causes Likely

more than 66 percent probability

of apparent rapid climate shifts

More Likely than Not

more than 50 percent probability

relevant to North America over the

About as Likely as Not

33 to 66 percent probability

reanalysis record?

+  What is the present understand- Unlikely

less than 33 percent probability

ing of the causes for high-impact Very Unlikely

less than 10 percent probability

drought events over North America
during the reanalysis record?

Extremely Unlikely

less than 5 percent probabillity

Exceptionally Unlikely

less than | percent probability

This Chapter will provide policy mak-
ers with an assessment of current sci-
entific understanding and remaining
uncertainties regarding the causes of
major climate variations and trends over
North America since the mid-twentieth

to IPCC AR4.

Table P.2 Terminology regarding degree of confidence according

Terminology Degree of confidence in being correct

Very High Confidence

At least nine out of ten chance of being correct

century. Resource managers and other
decision makers, as well as the general

High Confidence

About eight out of ten chance

public, will also benefit from this as-

Medium Confidence

About five out of ten chance

sessment.

Low Confidence

About two out of ten chance

Very Low Confidence

Less than one out of ten chance
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P.4 SCOPE AND LIMITATIONS OF THIS
PRODUCT

The time period considered in this Product is limited to that
of present-day reanalysis datasets, which extend from 1948
to the present. As discussed in Chapter 4, an effort is now
underway to extend reanalysis data back to at least the latter
part of the nineteenth century. While initial results appear
promising, this extended reanalysis project is not yet com-
plete; therefore, it is not possible to assess the preliminary
results in this Product.

The findings presented in this Product provide a snapshot of
the current state of knowledge as of mid-2007. The fields of
climate analysis, reanalysis, and attribution are cutting edge
areas of climate research, with new results being obtained
every month. Within the next few years new results are
likely to appear that will supersede some of the key find-
ings discussed in this Product; for example, with respect
to the quality, types, and lengths of reanalysis records now
available.

The scope of this Product was considered in light of other
ongoing assessments, in particular the IPCC Fourth Assess-
ment Report and other synthesis and assessment reports be-
ing developed within the Climate Change Science Program.
The IPCC Report emphasizes climate change at global
to continental scales. This Product focuses on the United
States/North American sector and considers regional climate
variations and trends of specific interest to U.S. resource
managers, decision makers, and the general public.
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